Plates 18-22 T•I• appearance of the note by Spofford (1946) entitled 'Observations on two Golden Eagles' has been the stimulus for the presentation of this material which will attempt to answer his questions and indicate points needing further study.
The classical works of ornithology by Oadow (1893) and Stresemann (1934) assume a complete annual molt. This general opinion has become quite fixed and generally accepted among ornithologists. This concept, along with a general understanding of the progressive pattern changes in this species, is found in Oberholser (1906), Forbush (1927), Engelmann (1928) , Bent (1937) , and Witherby, et al (1939) . Bent (1937) , taken as representative of this group, assumed that the molt may extend from March until October (Forbush, 1927) but presented an unconvincing account. "The juvenal plumage is worn for one year without change except by wear and fading. From that time on progressive changes take place through annual complete molts, toward maturity . . . The fully adult plumage is not complete until the bird is four years old or more." He pointed out the progressive decrease in the amount of basal white of the plumage with age.
Perhaps the most impossible account is that of Cameron (1908) It died within two weeks of receipt and an examination of the bird indicated something like aspergillosis or tuberculosis. This is incidental to the topic at hand, but in preservation of this bird I noted that the wings were about one-half molted, about six of the inner primaries and a scattering of secondaries in each wing. The two outer tail feathers had been replaced but the others were "typical" juvenal feathers. In this manner I was introduced to the problem but assumed that the advent of disease might have put a stop to the normal molt.
After I became interested in the Golden Eagle, visits to museums to Although the period during which feathers were being replaced might be determined by a thorough study of the skins, the extent of each molt seemed impossible to determine satisfactorily. Attempts to employ pattern changes from the juvenal to the adult were blocked by lack of information regarding the molt. I attempted to separate one generation from the other by indications of difference in age (fading and wear). The newest feathers with a fresh sheen were easily identified but older feathers blended into the very oldest. It would seem logical that some feathers would be subject to more wear and fading than others and it was apparent that the softer plumes, when fresh, lacked the luster of the harder feathers (especially true of inner secondaries and the median and lesser wing-coverts).
One problem was to determine how much a feather could fade and wear in one year. Fading and wearing are especially noticeable among the lesser coverts of the wing. Observations indicated that in one year a feather could be bleached to a corn color and heavily worn along its margins. Thus lesser coverts in some (unmolted) juvenal birds matched the badly worn coverts of adult birds. It was quite clear from this point on that the extremes might be differentiated but that the intermediates must remain hypothetical until a sequence or, at least, a general pattern of the molt were known. Thus, unlike Spofford (following Severtzov), I was unable to separate three generations of feathers; I was hard pressed to identify the newest generation with certainty.
In this study of birdskins, difficulties were legion and successes slight. The birdskins refused to allow a 'peeping Tom' to ascertain which feathers had been replaced and which had not. From a skin, only approximations concerning the order of secondaries could be drawn. These difficulties, I do not doubt, account for the general ignorance of the molt in this species. The solution to the problem seemed to lie in the study of the living bird.
For more than four years I have concentrated my observations on this eagle and tried to make these observations as complete as possible concerning not only behavior but also individual variations and molting. Field observations have been secondary, however, to the observation of captive birds.
To date I have 'owned' six eagles at one time or another. Only three of these birds have contributed to my knowledge of the molt and pattern changes of this species, and frequent mention will be made of them through the remainder of the account. The method of procedure in studying the molt of Smoky was to collect all feathers that were dropped on each feeding trip up Strawberry Canyon (while studying at the University of California, Berkeley). Trips were made every two or three days although, on occasion, the periods were longer. The feathers collected on such a visit were Strung together and stored. It should be indicated that my collecting technique during the second molt was much improved--every feather No completely satisfactory description of the downs of the chick and their replacement has been presented but, as that is another topic, it must be reserved for another paper and only general remarks can be made here.
At hatching, the eaglet (weight about 100 grams) is thinly covered with a fluffy down (after drying) of light steel gray color with slightly darker tips. Seemingly, it is somewhat darker along the back, midline of wings, and especially the nape of the neck. The ear is rimmed with short, thick, conspicuously white down. Around the eye and on the edge of the eyelid the down is conspicuously dark. A few pink spots of skin are exposed along the vertebrae between the shoulders and also on the manus. The down on the ventral surface is incomplete medially, especially around the navel (umbilicus) and along the posterior aspect of the tarsus from the heel to toes. The down tracts of the chick are made up largely of prepennae with some 'preplumulae' in the apteria, especially posteriorly and ventrally.
At the age of six days the preplumule down has appeared everywhere. The teleoptiles are evident on the wings at eight days and all over the body somewhat later. The primaries were first detected at the age of eleven days, and at thirteen days they were about onequarter inch in length. The covering of down improved as the preplumulae took over the function of covering the youngster. From about fifteen days on, this down was the prominent cover until over-jo,.m, Plumage in Golden Eagle Regarding the molting period of wild birds, the study of museum specimens has not been as productive as might be hoped. At the time of study, attention was focused more on pattern and only cursory attention given to signs of molt. To be detected in the skin the molt must be well under way with a fairly large number of feathers involved. My examination for signs of molting was directed more to the loss of wing and tail feathers. The loss of secondaries is exceedingly diff/cult to detect in the skin.
Of the 84 specimens examined personally, 23 were juvenals and showed no molt. Of the juvenals only seven were actively molting or had molted into a first immature stage. given consideration. Molting is dependent not only upon the physiologic well-being of the bird but also upon its hormonal condition. Breeding is well known as a deterrent to molting, and this fact was recognized by Severtzov (Menzbier, 1894). Severtzov concluded erroneously from the condition of the plumage as correlated with testicles in several specimens that the birds bred on alternate years, molting lightly during the breeding year and heavily during the year of rest. It is to be assumed from this that adults will commence somewhat later than iramatures or non-breeding adults and perhaps continue molting somewhat later in the season (1568 UA; see Table 1 From a study of the molt both in captive and wild birds the following conclusions can be drawn.
1.
A 'complete' change in plumage is achieved in two seasons. It would appear that, in general, the molt is incomplete the first season and is completed the second, along with a simultaneous remolting of some areas.
• Basis for designation of such a group not corresponding to any subfamily of the Aquilidae recognized at present will be presented in another paper. An appreciation of the changes in pattern that occur in the Golden Eagle will necessarily depend upon an understanding of both the individual variation that occurs in this species and of the mechanism that determines the age variations. As most authors have pointed out, the change in pattern, particularly of the rectrices, is one of increasing darkening and banding with the final elimination of the white bases of the juvenal feathers. As it is quite clear that the rectrices take longest to achieve an adult pattern, I will depend largely upon them in discussing these changes.
It should be made clear at once that I do not claim to offer a solution for the age identification of all specimens. However, I feel that most of the non-adult specimens can be identified with some surety. As I jo•m, 1alumage in Golden Eagl, [Oct.
do not think a word description can possibly convey the images which I wish to offer, I have prepared a group of illustrations to go with the brief descriptions. In all, I recognize five age plumages of the Golden Eagle; a juvenal, immature, subadult, first adult, and adult.
The question of what determines the pattern of a feather presents a most interesting problem. In general, my remarks are all based upon a theory which has yet to be tested, although, it seems to me, a paper by Boss (1943) throws some light on this problem. Boss, studying Herring Gulls in which a pattern change somewhat similar to that in the Golden Eagle takes place, discovered that the adult plumage was determined by the presence in sufficient quantities of the male hormone.
As the gonads of both male and female gulls produce the male hormone, the development of the adult plumage was determined by a minimal level that was achieved in both sexes at three years of age without the appearance of sexual behavior. As breeding does not take place till after the assumption of the adult plumage, the males do not achieve this plumage earlier than the female. Other characteristics (bill color, etc.) would indicate that, as in adults, the gonads of the immature birds undergo seasonal periodic changes (most noticeable of course in the subadults). Thus there was superimposed on the gradual growth of the gonad, secondary seasonal changes in size or at least hormone productivity.
Some time prior to seeing this paper, I had expressed similar ideas concerning the cause of plumage changes in the Golden Eagle. These ideas were not well received on the grounds that no such case was known to exist. I attempted to secure pellets of male hormone in order to test its influence on the pattern of a young male (George) but unfortunately could obtain none. Although this is but a possibility it seems to me certain that some similar situation controls the pattern in this species.
Regarding the hawks in general, this theory finds little support. It has been noted by falconers that when a feather of a juvenile bird is pulled, either a juvenal or an adult feather (depending upon the date) replaces the lost plume. There are no instances of an intermediate type, but, as the smaller hawks, with which I am familiar, attain the adult plumage at the first molt, it seems probable that a juvenal type is produced until a threshold quantity of some hormone throws the switch to the adult type. In only one species, the Goshawk (Bond and Stabler, 1941) , has there been any indication that pattern changes can be traced through a sub-adult stage achieved at the first molt. The subadult stage is only an average in the Goshawk, however, and does not constitute a really recognizable individual plumage. The final plumage is that of the adult and is assumed usually with the fourth molt (or fifth). It would seem to me that there is considerable individual variation in the achievement of the adult plumage. If variation does exist, age may be only poorly related to pattern, and if some birds retain white in the tail, they are no less adult than those that do not. If lack of white were essential to the 'adult' pattern some birds might conceivably never become 'adult.' Naumann (1820-1847) told of an individual held in captivity 20 years without eliminating the white from the base of the tail, and Severtzov (Menzbier, 1894) based one of his species on adults retaining white in the base of the tail at all ages. It may be that in the American subspecies, white is never retained after an age of about four years, but this is yet to be demon- A last variable which I will discuss is that of eye color. Again Spofford can be cited. He described the eyes as reddish, "somewhat similar to A½½ipiter (?)." The color of eyes has also been commented on by Severtzov (Menzbier, 1894) . "The color of the iris varies also with age. That of the young of the year is of pure brown, rather dark; that of the adult, of the third plumage, of a reddish cinnamon, which brightens with age until it is a brownish orange." Rothschild and Harterr (1912) described a male (535120 AM) taken in Algeria. "Its iris was dull yellow, variegated with rufous brown; . . ." Engelmann (1928) In my own experience with the Golden Eagle I can confirm Engelmann's remarks. I have observed two males and two females dosely at the nest and can say that the eyes of the males were in both cases a bright hazel to yellowish color while the females had dark brown eyes scarcely lighter than juvenile birds. It is my guess that eye color is a secondary sexual characteristic, reaching its peak during the breeding period and becoming browner during the summer and fall. In the future, eye color should be noted for every specimen.
In the Golden Eagle, if the development of pattern is a gradual
The history of research concerning eagles has been rife with error. I do not feel that this paper is free from error nor do I feel it marks the 'last word.' I hope it will arouse some discussion which will be helpful in bringing to light new ideas and interesting specimens. In view of this paper's preliminary nature, I hope to be able to add to the ideas here and expand the coverage of the discussion to all the subspecies at a later date. 
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